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Abstract

In this research, scheduled for total three years, ultrasonic-vibration will be
applied to assist the hot embossing processes of optical glasses.

In the first year, the apparatus for ultrasonic-vibration assisted hot embossing
processes of optical glasses had been built. The ultrasonic horn was connected to the
upper die of the existing hot embossing apparatus; finite element simulation was
adopted to design the high temperature workable ultrasonic horn by considering the
material properties in high temperature. In the second year (this year), the molds for
the micro hot embossing process were manufactured first. The Fresnel structured
mold was made by electroformed Ni-Co alloy, and the EDM was adopted to
manufacture the V-groove mold. Next, the material tests were executed with the built
apparatus, and the results demonstrated that the glasses were softened with the
application of ultrasonic vibration, so the forming stresses could be reduced. The
micro hot embossing of optical glasses experiments were then performed with the
manufactured molds, and the fillings were improved significantly with the assistance
of ultrasonic-vibration. Finally, the finite element software MSC.Marc was used to
model the ultrasonic-vibration assisted micro hot embossing process. With the
follow-up experiments, this analysis model can be verified, and can be a reference for
implementation of the experiment in the third year of this research.

Key words: Finite element analysis, ultrasonic vibration, optical glass, hot embossing



- HTEFER D

IE kot B0 3C A ¥ B
#a ko DA r'r'mffn‘}‘ “ﬁi’)ﬁ%%
WHP 2 REATERE A ’im%ﬁ:ﬁttﬁbfg
T LA K B PR EPN KRS A
L At B 2 A gt o
B BAMRSE Lo A ldoip B L A
AEESUMAES LD T AL R FEAT

G A @i T o L K E P
AR A S S AR AR T RS
R A FHREEF RGNS LAk
ﬁ? FUEAL ~ A R PR R 0 B

Z v EF RBEROLAR T AR KB KR
E*%ﬁ%ﬁﬁﬁﬁ’ﬂﬁﬁﬁ%%$$ﬁ
F AT E R R 2B R iR F B
LBk E AT BEH o

ERBEE AL DPUFHIS G 0 B
%%g@ﬁaaﬁﬁaf%%ﬂpg Yok
b1 A, RfLpFR @ RAD TR F
HMAehA 8 F R P g2 EE A2
TE R " H gLGET ( Single Point Diamond )

A7 B HAUBEFAARE B > T AN
LEEEEE R R Y SR
ARAHRFNPWTAF T HE 27 B A
BRI AR KF AL ST o
ARSI 4oB 1 2B 2 7 0 £
MRS e ARG REPRER
FHo Ee- AT ket @
BHe S48 e EHEE A P gd
BB LA R E DA WP o T
LG A RE ARG F M A A R
B AE 2 MR -

Fﬁ’ﬁ%%?ﬁ%m%%% o

o o
g

=1 \T

=

Mo A2 A4 £ e 1 PFE B Tl E AR
AR F ARB TP A g\.ﬁ/fﬁgg 4 -
o e B R R REE
FLP VLR A S M e R A, w B E et N
Ry REHESNEEERS > > B0
WAl mFED 24l AR o A
FYORRET A RER SV T R
Ay o FApd AT MR A 2 Y
SR S Y S PRI

WA BARSAVH R {42 %
B Ak o

M I ER AL e T 2 4 WP
PLIY MR A BT o B3 o i P
VU MR E L R B AT G M
®E AR Bk (TR Wﬁ%i*imi
a5 7R RS AT BRI MER
$%ﬁﬁ4ﬁ*w@*$ﬁ+ﬁ#i%%d

T4 BB R AW Ty 2o R

wx@’% PR TS 8- =B
(Fresnel)z firig 3k 35 > ¥ G fEeh = B it &
PR - Bl e Fes BT E 0 &R KD

EHA ¥ UH I HERS E TR 0¥
W IR A BB ApRa
H¥r2ga3f# 1 R Rigaky
PR RGR pRa 0 R AR PR A~ dR
1;;*4.; RETEHE S R EF AT IR
=[5 it %%ﬁﬂ%#mm.&i N /,&EL%TL r oz
R RABRELETRE SRS
10 E LR RTE oo F g A K
B f%nb%’kﬁlfmﬁv@? » AR AR LT
AR o A B T L ek F 2 2 2 A 8]
‘fé o

PV R ARSEEL RS A
e RS A RFE A2 MER
Mo @t AR R ARET R d S A g
A 3-SR B B RN o s
B M A1l @ P2 41 AA R T o T
AT 2P BREies B B
FOAE ARG R AR BT RAUR A
WAR2 #iz > P AP BB LR
SREE AT e 2 R R
FIGFB A P AR AW A2 5
Fraosuig o &8 % BeEUR A AR 2 Hois
&%%%ﬁ%%ﬁ’Vﬂwﬁ*$V7£*ﬂ
’Fﬁ‘#‘t—”—lﬁ:%%’ fed o TEPALR AW R
JBR = A5 P lpk,am"c%?’“' A28
AL o

SRS
RN RO €= T e T iy

Saotome % [1]¥f+ fé % & 3 53 # T f B #
FliFtT2FRET R T2 FEAT

Yok gy =t



P EREF OG> BT TOZERATR
® IV AL S 2 WA 0 (Newtonian viscous
flow )7 & 7 Zb & % 8( Viscosity Coefficient)
% — ¥ #c 5 Heckele[2] % « R A A,
*ON TR A IR B 0 B R EE I R
B TR R Sl AT P s
(Scattering Centers ) £ % » F] 5 #u & =0 355
FHZARHRHE -BEF - FakFE R
R A A B o R
AEARY T s p Bt R AHAR > K A etE
i & & ; Shishido % [3]4* 4oL 5 # /R PF L 5
BR-F2Z e RAEEFY FREEAR
BRSEFRIB LGRS L a e @Rk
ERF S EREX L A AR o

Zhong #[4] > #* g -iE (7
BP LD U A FREES R
A4 s R 0 R SRR R S SR =
5 5 Jain %[5 * FEM fcdgaE = 2D

HH‘“" BT AT 0 B A g IR AR S

s ;w48 (Newtonian fluid) ® #-4F & 228
gﬁ;;g r,,g ]vjt " ﬁ:.’— gl A og R B Y R
N ECRRI S S S o P ;
Yi[6]€£ A né G OPUA R HCERTE Bk g
ﬁ&%@*qﬁh?hﬁ%%ﬁé’ﬁ?$%
BRZERe SEFJIF S SN RBE 2
tﬁ%*%F?uﬁﬁW‘*ﬁFo

B gk I 2R = A 00T 3 R 5 ER[7]
(TP E AN i S5 ”@ﬁl%\ ’foll% Az
SNE B PF[8]E 4 U T AR £ B o &
S =53 PSK-100 44 F > s B B3
TEARSATP N T A 29 E
PRV A5 44wl FCD1 2 SF2 k&3t
BHPETRARE D %> FH AR LA
FHHPFEER A VHFE DR ¥
A0 A A AR E R TR L 2 (7
o FCDL g & Bt bl /B =35 | A
RETREFRAVTES LGV B2 B d
#HiTHl B

AR F[L0]5 R
Bk o BEDHE > LR R H T80T
Z iz o engF o ¥ v FCD1 R H gizg iz
FRES T EH - R*FHREP TRILAE
@ﬂ%’%d%@ﬁW%EaEEEW$ﬁ
nE s FIT DR E RO S

C =

2@ Y
S f'*

R LI R R AR B
é_l}uﬁijiﬁ_p ,xﬁ; T R B Rk 4 gﬁ’éé"ﬁﬁ—fb‘ﬁ_’
BRS¢ P AR PE AN L %R
Bz ska Sé HBEEY SR FIINA L
bR R 4 ;#[11]%?%;7‘3%9%:’”“ ¢ g
Pl T ES H ARRAAERY ﬁﬁg
':*"f’}e"li*"&f'se '*Hﬂ—l-%\mrr'?ﬁ"?'
WA S RS AR R Ak g %\mﬁ‘
BRAERBE &S EaulE R O R OB R
Q%W?@W$Pm$%»ﬁgmﬂﬁ&&
B RBWCEAEEEATRS R
E[12]4] * H g0/ & 'ﬁ;é%—%i” Sl RO (g
fe & 0 3;9&5%1‘2‘%* b BB = A E iR
HoA) v Bk 5 3E-3E % 4 (elasto-viscoplastic)
B RE R R T HE L R
SF % 0 5% d Blaha & Langenecke[13]#7#
drs s TFEJ_%%E Hﬂﬂﬁﬁ?gﬁ DECRTEuNL ;55555% ’ Kﬁ'é‘f
- RFRFEE T OFHRESFRALF R
Jrds (TH PR FRE S € A2 R MR %

DAPE AR A R A < SR
o IR %A 5 Blaha effect o
AR AT BERHFAC A EE B

-%Dmﬂﬂﬂ“ﬁ%%%ﬁ@w%xﬁ%”
W4e 27 o Bt F -7 B B4R LG
42 B o Pei[15]-[18]# M4z 5 s % 4e 1 &1 T G
RS g &1 AL A RB TR
PTG B4 1 R 41 3 L B
A3 IR REM AL WAL MBI D
W AR LR F I o

WA R B S F T
ﬂia’%nmu$¢4ﬁﬁﬁﬁﬁiﬁ’é‘#%
HABFR IR UARF AR IR LG o
A A4 gy e it Fom oo HCE H ;ﬁ*’ ..‘%”]ﬁnb
ME AR P T RRRT AR R RR

W}g&uﬁ_ﬁ +%c,§7_u§m_]v+?ﬁ), W iE gk I
T pafie  RHFHENSRRE A

o F oA BRSVUmDE N oY AR
P ARBH ALl 25 > Gan[20]E 1 #g
5

RAR Y A HET S N2 7 Lo b1 I H
Flo X B 1 2 oarr ) 1§}i’fr’7 B g

1 =3 Pm%t

1%%1?&777Lf71%—g .sx

1 ®AE - Egashira[21] & U@’# 1&5,1 by
AR TR SR T TR 0 2
Hh? B2 HHu 1 7FENLER 2T



FkFehdkm o Ra o PAEAZR A Y TR
LR R S S R o
AR 7R R o

ARHRE OFERF AL P 0 m[22]
MR ERE G U R A g
RIBLEY > FHBER LR OM G EEiR
BHF EETRA BE 2 B AR
ERETE Y R AR R
FREEAI R - PR BRERRTEL
Bl o w238 7 AR L R E A e
A0 g bR B R L2 R B %
Fom ARG A YRS TE B AR R
SHCE R R FIMREFE R RE L F R
Prdoai RS S RS U R R o R 2 F
ﬁ%%%ﬁ&ﬁ%%ﬂﬁﬁ%@ﬂmﬁ%%
§*“4°”Dﬂ [25] 24z 5 ik R Bo 4 2 22

BORAFEAL AT AL AR E N e
7@;}5}._@ ?Kor} t‘lﬁ_‘a ;,‘:31] ’#Efrﬁ‘fiﬁ
e ib abe LM o AT IRFCE B 22

0¥k A ﬁﬁ%%%ﬁ%éiﬁﬁﬁﬁmﬁ
FodmAL g /ﬁ»%)%fnﬁ%ﬁ Qe

g’;i m@#’%’g gé& 'Eﬂ %&?T fLaE] /ﬁ»#‘%
iy 1ﬁﬁ1%’ﬁﬁ9*w 2 p¥tid R
KR MIRE S w0 ¢ PERE RRFTE A
SBEREAS] B LR BT 22 4p
HiE R ZEFR(Hcd&d) R R
BAAd e P S LIRS 6 B
o B & g HFER Y G0URR
A g EEE1 B2 pERT 5 F (W
PE)F O RFAFESF > EIEHEE S
T EPE AR RS E R AR

5o SRR R AR S R A

Tl EEI Rt pHERT FF
FoRFAFFE > 21 263wtz
PEooAZ S R IREE A G BB T ik
P AP HE RARS S AT M A
AR o e o MPHE R G ER AR
S=EEE )/ ) B

= ‘pi‘—%/z“

ﬂkﬁ}imﬁﬂmq—zg‘%‘\ A2 G B e LI e
PR S AR B ARG R

A ER o B R AR AR 2

Cok B M
R B H A Aem I TR
EE S

BENT 29%3 0 ARy 2P
R AN RABRRITH o 4 L) *
BTG i R L R s R
4 i PSR R - R R
SR Ay f?_’}’ﬂ_l" ECACE R 8 gk
BB N AR B o W RAZ R L E S T
Bt 2 e

it £ 3917

T A g 8 & 2 Fresnel
'4C:.L ‘:;\' ’-| ’%i;lle V

LA £ A7 7 I i
BB S WOR S 1 AL IR 2 R
RIS A G LSS RS e W

EEERA fg..fﬁ'i;ﬁﬁ B —;spg,ﬁ

:« :lf:t e

A Bz TR (TR A RFHRAGTL
53 o

o~ BERHEEH
w0 BEAG /ﬁ»ﬁpéiﬁigﬁi%n@g\ﬁ/@l
%i N ééﬁl'?ﬂ? Vi é?’f?\fs—l o m iz
SRLPHE BT R SFURMR - &
"”dm_ﬁﬁi“‘ *E AR AR R 1'5#
FIpP L3 RRMERAERE ¥V AATL?
o FEG 7RI RIRS izr,e@ra?}
R e BB TARE R EL 2 7T
G tica e T s o LEITDH A S
7 44k STARVAX % & 48 T 134 - # % 4
M3 g g B WD Fresnel Mot o %
HRF A4 1o A BB 3o HFIY 44
B £ TR L R T RED A A 4
F—ﬁhﬁ%%ﬁﬁxfﬁwééﬁaéuL,g
2 4 7 s SUS304 HR 1 e uﬁ - ®5
*@6 TR V Rz & 5o bR
=& .__ﬁ%f?ﬁln??bé\.&, I VR O 2 R
it ko w42 PIr AR o Ao icis 4 o6
SRR 0 P LI A AREARY S
g el vr@éiﬁu@ s Fresnel & V S HH =
Bk NS P I AR A A2 B o
BTRF AP F AV - ERY A2
FooRRARESTBS(RT) LA
AH R RBELA F e F AR F T
BTG 2 TR FHRET LT % RA
T AR i AL R oo I HR L

,_\



E A& T7mm -~ % 6.5mm 4z o SUMITA = 2 4
A2 PSK100 - 92 ¢ =22 P EART >
’%&‘5“—'2’5.’7‘ ’%&‘5‘"‘21351 /)ijﬂ%f" » ¥ f‘;ii—l
1.5mm/min 324 > H s Sliched 20 B L%
YeBl 8T o d R T i B AEARE o I
A4 FARM A B A e AZF ARG (S
ABEBE N BRI - TE(S g AdF 0 BT
%ﬁ*ﬁﬁ;&%#Q’*ﬁXFWWﬁ¥%

FERAedm B4 o JLREFEPF ﬁd 5 hI
et > FREIFPEAERD A Fa
ERHFOEALY TR RS TV LT
3 Lm@ fﬁg v w FRZ T AL R R TR
ORI R R I AR DL A N o

%ﬁ“’ HRF HRNESE > FP AR A ik

LA Sals" *'Efin”viféﬁ ML de it o
- j\;@qr LL;}%}'}@‘.]'—; q (ﬁ\ﬁjﬁ'ﬁéﬂ;%/fﬂ' ‘Lﬁé
FRSAEAF L IE R F 7 VIEZ Fresnel %
WeoFREARZ zAcR 9 B FHCE ai’i
FARE T G 0 TR HEECE T A TR LA
HBEGL G4 T RER~ - B 10 5

VE#R S 5 I 2E3 1 5 3D *E’r%ﬁﬂ%ﬁ
(]E]F‘mei‘ BRBEAT P S E)E R AR 11 -
2 3 5V AERRT & S EP ,r&; L5
%ET i THRBBEFET R E A A2
Ao A F T L f‘u'ri—;i*p ok o B 12
= Fresnel SR 5 Rl 2 55
Wi 4 g@gﬁ;gd AL i 2 )

Fresnel gk v &k = # chigif © 4 4p g
#%ﬁ*?%if»’iif‘ﬁﬂ%'} 1 T X

(93.6%~99.1%) -
FT R R FLAFERPAG? 2
A2 5 d’t#péﬁt 1#/(»(%“@‘3“"1 o & * ’ﬁ LA F
A 1738 5 MSC-Marc» & = 2.2~ % & 7 §C
AeR 130 B¢ P HCE R VERH > TR
T oo P TRCE B S R B
L-BAL42 > # %4 *§F 5% 3 2. 7 [26] ° #
@ﬁﬁﬂaﬁﬁﬂ?& RN R A &
BTRCEZ R iR TS 568C 2 2R
B BRAFIIN RS AEREL - Lo
BORCRALE S o Fpto P HCE R TR B 2R
Boo WEEFE4R 14 T8 19 #rm o %K
AR %ﬁz aﬂ}:%;% ¥ VR
BHohE LAk o £ A F L1

SRR 0 BT f;a BT o

I pESRGE

FrdaAE R ag g o I
gggﬂﬁ_i AT Av 1 R . *f]&_%s_,?\'@lxr;
FFARF AN BT R )2 R
pé‘i/f%.p’]‘%““:e“'q ’ pﬂ.ﬂqi&ﬂ/}’t%@" ﬁgét
AERFL SIS RO AL T ]

PG TR R AT 2 R AR )2 )
WE AR R B o e R L
EZI;: o

= s ;—;‘;6}?‘%

[1] Yasunori Saotome, “Microformability of
optical glasses for precision molding”,
Journal of Materials Processing Technology,
140, pp. 379-384, Sep. 2003.

[2] M. Heckele, “Hot embossing — The molding
technique for plastic microstructures”,
Microsystem Technologies, pp. 122-124,
1998.

[3] Koro Shishido, Masao Sugiura, and Tetsuo
Shoji,“Aspect of glass softening by master
mold”, Proceedings of SPIE, Vol. 2536, pp.
421-433, 1995.

[4] D. Zhong, G.G.W Mustoe, J.J. Moore, J.
Disam, “Finite element analysis of a coating
architecture for glass-molding dies”, Surface

and Coatings Technology, 146 -147
pp.312-317, 2001.
[5] Anurag Jain, Allen Y. Yi, “Numerical

Simulation of Compression Molding of
Aspherical Glass Lenses”, AIP Conference
Proceedings, Vol. 712(1), pp. 239-244, 10
June 2004.

[6] Allen Y. Yi and Anurag Jain, “Compression
molding of aspherical glass lenses-a
combined experimental and numerical
analysis” Journal of the American Ceramic
Society, pp. 579-586, 2005.

[7] &2 ®gst 7 BEH 722 @%’w‘
7 E&]~ FELFE S SR BT TR
1% 21995 & 6 ¢ o

[8] #5925 » HIG R H ileiiif 2 # A 7] U 72

2002 % 3F 1 AR A5 B EET 6 /R
g&%ﬁ%a$%%%go

[9] 2 8026 B HAEL & YHLFF W

-

b



TR A FERIREFAT TR LG
2002 # 6 % -

[10] & &% - 4:_??#11/17!‘ 38 ER AT
7B BRI AT TR LW
2 52004 %67 o

[11] 2 £ty £ TR FHEL BE AT

Bl ~FRF1RE kplm
2006 #£ 6 * o

[12] Yu-Chung Tsai, Chinghua Hung, and
Jung-Chung Hung, “Research on The Glass
Material Model for the Forming Stage of the
Glass Molding Process *“, Journal of
Materials Processing Technology (SCI, El),
\ol. 201, pp. 751-754, 2008.

[13] F.  Blaha, and B. Langenecker,
Naturwissenschaften, 1955, v.42, pp. 556.
[14] H. Dam, P. Qusit, M. P. Schreiber,
“Productivity, surface quality and tolerances
in ultrasonic machining of ceramics”,
Journal of Materials Processing Technology,

1995, v.51, pp.358-368.

[15] Z. J. Pei, P. M. Ferreira, S. G. Kapoor and
M. Haselkorn, “Rotary ultrasonic machining
for face milling of ceramics”, Int. J. Mach.
Tools Manufacture, 1995, v.35, pp.
1033-1046.

[16] Z. J. Pei, P. M. Ferreira, M. Haselkorn,
“Plastic flow in rotary ultrasonic machining

of ceramics”, Journal of Materials
Processing  Technology, 1995, .48,
pp.771-777.

[17] Z. J. Pei, P. M. Ferreira, “Modeling of

ductile-mode material removal in rotary
ultrasonic machining”, Int. J. Mach. Tools
Manufacture, 1998, v.38, pp. 1399-1418.

[18] Z. J. Pei, P. M. Ferreira, “An experimental
investigation of rotary ultrasonic face
milling”, Int. J. Mach. Tools Manufacture,
1999, Vol.39, pp. 1327-1344.

[19] &t &5 R BETHFHEZ T >
RN A S R 2 R
2002 & = 7 o

[20] J. Gen, X. Wang, M. Zhou, B. Ngoi and Z.
Zhong, “Ultraprecision Diamond Turning of
Glass with Ultrasonic Vibration”, Int J Adv
Manuf Technol, 2003, Vol.21, pp. 952-955.

[21] K. Egashira, K. Mizutani and T. Nagao,
“Ultrasonic  Vibration Drilling of
Microholes in Glass”, CIRP Annals -

Manufacturing Technology, 2007, \ol.51,
pp. 339-342.

[22] 728 > # R A2 FHL G XA F
f’@*zﬁw?%ﬁlﬁﬁﬂ*ﬁ—m
2 > 2002 &~ F o

[23] 0 & & > 425 Rgres g oA 2752 )k
B RS BRI AR T T
AL~ 22004 &~ 2 o

[24] £ X R > A5 RIEF34FE £ &40 1
TR B LA A F PR AR
e L o 2005 &~ P e

[25] Jung-Chung Hung and Chinghua Hung,
“The influence of ultrasonic-vibration n hot
upsetting of aluminum alloy”, Ultrasonic,
\ol.43, pp. 692-698, August 2005.

[26] Yu-Chung  Tsai,  Chinghua  Hung,
Jung-Chung Hung, Shih-Feng Tseng, "Finite
element prediction of the lens shape of
molded optical glass lenses", Proceedings of
the Institution of Mechanical Engineers,
Part B: Journal of Engineering Manufacture,
2010, Accepted.



# 1 Fresnel fr s 2L

23V ERRE SR 5 T

&g

BIER B %

Bl | G A PR | REE | BRIFR | BN F
V1 Eg 1.5mm | 41.2um

22.8%
V2 1.2mm-1.5mm | 1.5mm 50.6um
V3 & 2mm 75.1um

42.1%
V4 1.75mm-2mm 2mm 106.7um
V5 E 2.5mm | 89.6um

62.2%
V6 2mm-2.25mm 2.5mm | 144.4um

FH#2435C ~ T H0405°C
@’S‘fﬁi Z 0.5mm/min

% 4 Fresnel s34+ - B SRR R (H

X(mm) Y(mm)
0 0.264
0.5 0.25
0.5 0.278
1 0.25
1 0.292
15 0.25
15 0.306
2 0.25
2 0.32
2.5 0.25
2.5 0.333
3 0.25
3 0.347
35 0.25
35 0.36
4 0.25
4 0.373
4.5 0.25
4.5 0.386
5 0.25
%2 M & S
ToRMmE. | L R | T R | ERAE PR
E(C) E(C)
| 425 440 #
I-ultra 425 440 1.75mm-2.25mm
1| 435 440 #
Il-ultra 435 440 1.85-2.05mm
Il 437 450 #
Il-ultra 437 450 1.75mm-2.25mm

i um)
e |12%3% | 23% | 3-4% | 45%
5 4 BA FRAL | BRL | BRA
= X 26.5 35.8 51.45 65.8
F1 3 24.8 34 51 47
F2 4 21.6 21.6 45 35
+FH2435°C ~ T H2415°C
Fﬁ‘ﬂﬁi 1.5mm
F&‘Fﬁi & 0.5mm/min
iR b9
{ lL JJ L 4 |
) — Tl‘ = ==
| | I [ ]
1 FEREEE 2 A EERREE 3 OHETR
!
e +
]
6. A 5 BRI E 4 4R s b
TR

B 1 L3RR = A H T & W

3 e
i

n Ao T A

RILAY, 7

Bl 2 AR =2 HOkE R —PF MR

%

(C)

e

‘ & [ ‘

ks

P
e

| B o] (sec)




-

Bl 7 A3 A BRR

% 7 LR

A B

1000

200

800

700 /
i =
i % / e Lailtra
o . —an
= Z _— \ P —ana
o X7 A -—

7 kg)

=]
o
n
[
-
n
=]
S
n
w

it 7 (mm)
UERTEPEEPE Y ST R
# M %

5 A3
ER 8T,

LE 4

hais Bl M 4

HE

B O Az s o B ACH R % )5 A

\

B 6V Efi=

Bl 1OV E#& = 5




44402

0.000 500000 1000000

Profilel | Horz dist._ | Hght. diff. | Hght ave. | Angle | G5 length | ©.5. area

I

&1l 1408 67Turm|_ 19195urn| 97 715urm| 07811512 204ur[75174 408u_|
Segl | 575 Eﬁsum\ 140 535um\ 153155uml 13725\ 670.483um|FBE258 174u_|
1

B 1LV AR 58Pl %

Bl 16 | f-578°C2 +2)2 % (EA A F)

S

Rll!ll!ﬁﬂ!l!lll!imm

B 13 F 'L 4 A 45507

Bl 18 + #588°C2 2, %% (GRAR A F)
Bl 14 FH-568°C2 2 %(GER A )






REX (Y EXIE TN R

. ?E"L_%Af

_-/&_

| IS pEp

R §H

VPR ORI AN TR (HORRIA 2T}
PRI DERE

L4 e INSC 97—2221—E—009—017—MY3
BPAER b1 i

I/ B 1 A

e A A R 5

A

W A/RIE

3

o
e -

S

A

RS
LN 2
#7 2F

ST EUR I L XA R AR AP 2

FEARE RS e 1 B L F PR RUR S e

s A R LB P EF A PERB A G TR &qﬁ%
L RS R = sl CR A RS R ST AT eARHE
j‘b JI‘:}_ o

A

,ﬁ; < .

This technology combines ultrasonic-vibration assisted forming and
optical glass hot embossing process. Vibrating mold is used to emboss
optical glass, and the temperature of glass surface is raised due to the
ultrasonic-vibration. For this reason, the forming load is reduced and
the fluidity is increased, so the formability of glass hot embossing and
the filling of micro structure hot embossing are improved.
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